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 The primary particles generated during diesel 
fuel combustion are soot granules. As the exhaust 
fumes dilute and cool in the atmosphere the primary 
particles aggregate to form a well defined log-normal 
size distribution accumulation mode (AM). In 
addition, under certain conditions a nucleation mode 
(NM) is formed. The generation and the 
characteristics of the NM depend sensitively on 
engine operating conditions, on the sulfur content of 
the fuel, and on the presence of a diesel particulate 
filter (DPF) or oxidative catalyst. 
Although most authors agree that particle 
surface plays a key role in lung-particle interaction 
(Oberdorster, 2000), current legislation regulates 
only the total mass emissions. DPF reduces the 
emission of AM, and accordingly the total mass, but 
it does not affect the NM emission since it originates 
from SO2 nucleation after the DPF. Therefore, 
although DPF decreases total mass emissions with 
high efficiency, the total surface of the emitted 
particles remains considerable because nucleation-
mode particles contribute significantly to it. 
Since during cooling volatile hydrocarbon 
species (VOC, PAH) condense onto particles, the 
total emitted particle surface may be considered a 
measure of transport of carcinogenic compounds. 
Moreover, the slightly soluble AM soot particles 
upon interaction with the lung fluid cause the 
generation of oxidative agents that induce oxidative 
stress on lung cells. Thus, in oxidative stress 
processes, as well, particle surface becomes the 
determining factor. 
The main goal of this work is to investigate 
lung deposition efficiency of diesel combustion 
particles generated under different conditions. The 
mass and surface area of the particles deposited in the 
human respiratory tract was calculated with a 
stochastic lung deposition model (Koblinger and 
Hofmann, 1990). Emissions from Euro 3 and 4 light 
duty vehicles were measured: the generated particle 
size distributions were measured by SMPS according 
to the PARTICULATES project protocol 
(Ntziachristos et al., 2004). Diesel fuels were used 
with varying sulfur content of 10, 38 and 280 ppm. 
The vehicle speed varied between 50, 100 and 120 
km/h. Moreover, the effect of DPF was investigated. 
Total particle surface deposited in the human 
lung was calculated for 12 cases. In Fig. 1 deposited 
particle surface is shown as a function of mass 
concentration of the inhaled particles. One breath 
was considered under sitting breathing conditions. 
Each symbol in the figure represents an emission 
measurement, different conditions corresponding to 
different symbols. 
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Fig. 1. Deposited particle surface in the human lung. 
 
Total deposited surface calculations can be 
classified into three groups depending on the size 
distribution of the inhaled particles. The first group is 
associated with DPF emissions that are dominated by 
NM. The second group corresponds to high speed 
(120 km/h) emissions, where NM and AM are of the 
same order of magnitude. The third corresponds to 
moderate speeds (50-100 km/h), or reduced sulphuric 
fuel (10 and 38 ppm) that are dominated by AM. All 
three groups can be fitted by straight lines with zero 
intercept, manifesting that deposition is proportional 
to inhalation. The slope is largest for DPF emissions 
implying that percentage deposition is highest, even 
though total inhaled mass is low. The results reflect 
the importance of the size distribution of the emitted 
particles, in particular their surface area, because a 
given inhaled mass concentration may lead to 
different deposited surface in the lung, and hence, 
possibly, to different health effects. 
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